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struct the ICA/LAs with a larger diameter before the
smaller ones.5 In the latter case, surgeons seem to con-
sider that wide ICA/LAs take priority over narrow
ICA/LAs based on the assumption that a wide
Adamkiewicz artery, which is more effective at supply-
ing the spinal cord, emerges from a wide ICA/LA. The
aim of this study was to clarify the correlation between
the diameter of the ICA/LA and the diameter of the
Adamkiewicz artery to establish the basis for choosing
the ICA/LA that should be reconstructed.
Materials and methods
Materials. Minute dissection was performed on 102 donat-
ed Japanese adult cadavers (50 male and 52 female), with no
history of obvious circulatory disorders. In 12 of the 102 for-
mol-fixed cadavers, acrylic polymer red dye (Liquitex; Bonny,
Tokyo, Japan) was injected with high pressure through the
femoral artery immediately after fixation to identify the radic-
ular artery and anterior spinal artery. There was no difference
in diameter of the Adamkiewicz arteries in the cadavers that
were injected with dye compared with the others. In the inject-
ed cadaver, the connection between the anterior spinal artery
and the Adamkiewicz artery could easily be observed.
T he Adamkiewicz artery (arteria radicularis magna)is thought to deliver most of the blood to the tho-
racic and lumbar spinal cord.1-3 During replacement
and reconstructive surgery of the thoracoabdominal
aorta, vascular surgeons have to reconstruct the inter-
costal artery (ICA) and lumbar artery (LA) to maintain
the blood flow through the Adamkiewicz artery, which
originates from the ICA/LA. The problem as to which
ICA/LA should be reconstructed remains controversial;
some surgeons reconstruct all ICA/LAs within a limit-
ed level (eg, T8 to and including L1)4; others recon-
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Exposure of the Adamkiewicz artery and ICA/LA. The
cadavers were placed in the prone position, and the
Adamkiewicz arteries were located in the epidural spaces
after laminectomy of the vertebrae. The cadavers were then
moved to the supine position, and the ICA/LAs were dissect-
ed between the fifth thoracic and second lumbar vertebral
level. The connections between the Adamkiewicz arteries and
ICA/LAs were also dissected to determine where the
Adamkiewicz arteries originated (Fig 1).
Measurement of the diameter of the Adamkiewicz
arteries and ICA/LAs. The vertebral level and laterality of
the Adamkiewicz arteries were investigated. The diameter of
the Adamkiewicz artery was measured with a digimatic cali-
per (Mitutoyo Co, Kawasaki, Japan) immediately after it per-
forated the dural sac with no distention. Before measurement,
it was confirmed that the Adamkiewicz artery was connected
to the anterior spinal artery in the dural sac. The form of the
connection between them was not examined in this study.
Although a fine arterial twig (<0.5 mm in diameter) was fre-
quently observed along the spinal nerve roots, we considered
that a spinal branch of more than 0.5 mm in diameter at the
fifth thoracic to the second lumbar vertebral level was the
“effective” Adamkiewicz artery according to previous
anatomic and angiographic reports.6-13 Measurement of these
fine twigs was difficult and was not always accurate. The out-
side diameter of the ICA, including the upper LA, was mea-
sured immediately after its origin from the aorta.
Statistical analysis. All values are expressed as the mean
± SD. Data were processed with the StatView J-4.5 software
(Abacus Concepts Inc, Berkeley, Calif). The correlation
between the diameter of the Adamkiewicz artery and that of
the ICA/LA was examined by a simple linear regression test.
Results
Number of Adamkiewicz arteries per cadaver. The
number of Adamkiewicz arteries was determined in 90
of the 102 cadavers (88%). Only 1 Adamkiewicz artery
was found in 67 of the 90 cadavers (74%), whereas
more than 2 Adamkiewicz arteries were found in each
of the other 23 cadavers (26%). A total of 120
Adamkiewicz arteries were therefore recorded (mean
per cadaver, 1.3 ± 0.65). This mean number of
Adamkiewicz arteries per cadaver is smaller than that
in previous reports,10,11 which might be the result of
our decision to select the relatively large radicular
artery as the Adamkiewicz artery. In those cases in
which 2 Adamkiewicz arteries were observed, the rela-
tionship of the vertebral level is shown in Fig 2.
Fig 1. Photograph shows the connection of the Adamiewicz artery and the medial dorsal branch of the ICA origi-
nated from the ICA as a single stem and then divided separately. The medial dorsal branch of the ICA runs posteri-
orly to supply blood to the back muscles. Adam, Adamkiewicz artery; ICA, intercostal artery; ICN, intercostal nerve;
MD, medial dorsal branch of the ICA; LD, lateral dorsal branch of the ICA; SG, spinal ganglion; DM, dura mater.
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Laterality of the Adamkiewicz arteries. Of the 120
Adamkiewicz arteries identified, 86 (72%) originated
from the ICA/LA on the left side, and 34 (28%) progo-
mated on the right side (Fig 3). In the 23 cases where
more than 2 Adamkiewicz arteries were identified, the
Adamkiewicz arteries originated unilaterally in 13
cadavers (57%) and bilaterally in 10 cadavers (43%).
According to our results, the Adamkiewicz arteries
showed a left-sided predominance, which agrees with
previous reports.6-10
Vertebral level of the Adamkiewicz arteries. The
bilateral incidence of the Adamkiewicz artery arose
from the fifth thoracic (T5) ICA in 2%, T6 in 2%, T7
in 3%, T8 in 5%, T9 in 19%, T10 in 23%, T11 in 25%,
T12 in 12%, the first LA (L1) in 8%, and L2 in 3% of
cases (Fig 3). Thus the Adamkiewicz artery frequently
(91%) originated between the T8 and L1 vertebral lev-
els. Overall, these vertebral levels correspond to those
of previous reports.6,8
Diameter of the Adamkiewicz arteries. The diame-
ter of the 120 Adamkiewicz arteries examined ranged
from 0.50 to 1.49 mm, with a mean of 0.77 ± 0.24 mm.
The mean diameter of the Adamkiewicz arteries emerg-
ing from the left side was 0.76 ± 0.23 mm and from the
right side was 0.76 ± 0.26 mm. This difference was not
significant (P = .8). The mean diameter of the
Adamkiewicz arteries at each vertebral level is shown
in Table I. The mean diameter of all of the
Adamkiewicz arteries and of the Adamkiewicz arteries
at each vertebral level were compared statistically, and
no significant difference was found. These results relat-
ing to diameter confirm previous data from studies in
white14 and in Japanese subjects.15
Correlation between the diameter of the
Adamkiewicz arteries and the ICA/LAs. In 44 of the
90 cadavers in which Adamkiewicz arteries were identi-
fied, further anatomic dissection was performed to
examine the ICA/LAs. Forty-eight Adamkiewicz arter-
ies were present in these 44 cadavers, and the ICA/LAs
from which they arose were exposed along their entire
course. The diameter of the ICA/LAs at the T5 to L2 ver-
tebral level ranged from 1.42 to 4.58 mm (mean, 2.8 ±
0.66 mm). This diameter was approximately the same as
that of the ICA/LAs from which the Adamkiewicz arter-
ies originated (1.57-4.34 mm; mean, 3.0 ± 0.69 mm).
The results of the statistical analysis of the correla-
tion between the diameter of the Adamkiewicz arteries
and of their original ICA/LAs at the T5 to L2 vertebral
level are shown in Fig 4. As can be seen, the diameter
of the Adamkiewicz arteries ranged from 0.50 to 1.32
mm, although that of the ICA/LAs ranged from 1.57 to
4.34 mm. There was no significant correlation between
the diameter of the Adamkiewicz artery and that of the
ICA/LA from which the Adamkiewicz artery originat-
ed (r = 0.255; P = .08). When the maximum and mini-
mum diameters of the Adamkiewicz arteries and
ICA/LAs were compared, however, a marked relation-
ship was noted. When the ICA was 1.57 mm (mini-
mum) in diameter, the Adamkiewicz artery was 1.32
mm in diameter. When the ICA was 4.34 mm (maxi-
mum) in diameter, the Adamkiewicz artery was only
0.50 mm (minimum) in diameter. Furthermore, within
the T8 to L1 vertebral level, the diameter of the
ICA/LA varied considerably and did not correlate with
that of the Adamkiewicz artery. Consequently, it was
noted that a narrow Adamkiewicz artery possibly
emerged from a wide ICA/LA and vice versa.
Table I. The mean diameter of the Adamkiewicz artery
at each vertebral level
Level Average diameter (mm)
T5 0.64 ± 0.09
T6 0.67 ± 0.03
T7 0.76 ± 0.47
T8 0.61 ± 0.22
T9 0.76 ± 0.22
T10 0.75 ± 0.21
T11 0.83 ± 0.29
T12 0.69 ± 0.19
L1 0.87 ± 0.26
L2 0.76 ± 0.19
Fig 2. Relationship of the vertebral level in cadaver in which
2 Adamkiewicz arteries (Adam) were observed.
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Discussion
The results of the present study demonstrate that, in
most cases, the size of the ICA/LA does not correspond
to that of the Adamkiewicz artery. Thus reconstruction
of a wide ICA/LA does not necessarily ensure the
maintenance of the spinal blood supply through the
Adamkiewicz artery. Therefore the question of which
ICA/LA should be reconstructed during aortic replace-
ment operation should be asked. On the basis of the
results of this study, we recommend that all ICA/LAs
within a given level (eg, T8-L1)4,16 should be pre-
served. Although many surgeons have already pointed
out the importance of preserving the lower thoracic
ICAs and upper LAs to prevent postoperative paraple-
gia,17,18 we suspect that some surgeons do not always
reconstruct all lower ICAs and upper LAs but recon-
struct only the larger ICA/LAs.
According to the law of Hagen-Poiseuille, blood flow
volume per time = ¶ · diameter4 /length of vessel (ie,
blood flow through a vessel 1.0 mm in diameter is 16
times greater than that through a vessel 0.5 mm in
diameter, with the assumption that these lengths are
Fig 4. Correlation between the diameter of the Adamkiewicz artery and of the ICA/LA, which existed between
the fifth thoracic and second lumbar vertebral level. No significant correlation was observed between them.
Fig 3. Frequency of vertebral level termination and laterality of 120 Adamkiewicz arteries in 90 cadavers. The
Adamkiewicz artery frequently originated from ICA/LA between the eighth thoracic and first lumbar vertebral
level on the left side.
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almost equal). Thus the diameter of the ICA/LA and
that of the Adamkiewicz artery are the most critical fac-
tors for blood supply to the spinal cord. The larger
amount of blood supplied through a wide ICA/LA,
however, did not always seem to depend on the demand
from the spinal cord but on that of other tissues such as
the back muscles, although muscular branches were
not measured in this study.
Overall, the present results confirm our working
hypothesis that all lower ICAs and upper LAs should
be preserved, even if they are narrow.
Study limitation
In the present study, the large numbers of cadavers
examined gives us considerable confidence that our
data regarding the distribution, laterality, and diameter
of the Adamkiewicz artery are reliable. However, in
this study, we investigated the correlation between the
diameter of the Adamkiewicz artery and of the ICA/LA
using adult cadavers without aneurysmal change of the
aorta or aortic dissection. In patients with thoracoab-
dominal aortic aneurysms or aortic dissections, the
functional relationship between the ICA/LA and
Adamkiewicz artery seems to be more complicated. It
is possible that occlusion of the ICA/LA that emerged
from the Adamkiewicz artery might occur as a result of
atherosclerotic change. Consequently, radicular arteries
less than 0.5 mm in diameter may play an important
role in supplying blood to the spinal cord. The
Adamkiewicz arteries identified anatomically in this
study therefore may not always coincide with the
Adamkiewicz arteries that are functionally effective
clinically. Furthermore, the role of the collateral circu-
lation between the radicular arteries is not clear. In our
dissections, we could not identify the collateral vessels;
previous angiographic reports have shown them to be
extremely thin.19-22 Ideally, more detailed anatomic
studies of the circulation to the spinal cord will unveil
some of these factors that are important in preventing
postoperative paraplegia after operations on the thora-
coabdominal aorta.
During operations for thoracoabdominal aortic
aneurysm or aortic dissection, we have routinely recon-
structed the intact ICA/LAs within the T8 to L1 verte-
bral level to maintain the blood supply to the spinal
cord, thinking that the Adamkiewicz artery originated
from one of these levels. On the basis of the data from
this study, however, we believe that more general and
complete reconstruction of the ICA/LAs, regardless of
their diameter, could reduce the incidence of postoper-
ative paraplegia. This hypothesis is likely to form the
basis of our working strategy from now on.
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Commentary
A thorough understanding of spinal cord vascular
anatomy is of particular importance in the prevention of
postoperative spinal cord injury after aortic surgery.1,2
The spinal cord is supplied by both anterior (larger) and
posterior (smaller) radicular arteries arising from seg-
mental intercostal or lumbar arteries, with an average
of 2 to 4 thoracic radicular arteries arising from the
intercostals in primate adults.1,3 The lumbar area has 2
to 3 lumbar radicular arteries, whereas the distal end of
the cord is supported by a cruciate anastomosis. These
radicular arteries supply the meandering network of
posterolateral spinal arteries and the continuous ventral
midline anterior spinal artery. Anatomic dissections
have shown the anterior spinal artery to be continuous
along the whole length of the spinal cord by anatomic
dissections, although by angiographic x-ray examina-
tion the artery may sometimes erroneously appear dis-
continuous. The study by Koshino and colleagues4 con-
firms, on the basis of anatomic grounds, that the size of
the segmental intercostal or lumbar arteries has no cor-
relation either as to which specific artery the arteria
radicularis magna (ARM, the artery of Adamkiewicz)
arises from or to the size of the ARM per se. These
observations are not unexpected, because the ARM is
small (in our study,3 0.941 mm; in Koshino and col-
leagues’ study,4 0.77 mm), in comparison with the size
of the segmental arteries (2.8 mm).4 Indeed, the size of
the segmental arteries appears to be more dependent on
the muscle bulk supplied on either the chest or abdom-
inal wall. Clearly, the size of the segmental artery ostia
in the aorta, or the amount of backflow from the ostia
during aortic surgery, has no bearing on the ARM or
any other major radicular artery arising and being sup-
plied by the particular segmental artery. Thus a com-
mon misunderstanding, based on the faulty premise
that the largest segmental ostia with the most backflow
need to be reattached to reestablish spinal cord blood
flow, may result in inadequate reperfusion of the spinal
cord. Therefore reattaching only these vessels, which
may not supply the spinal cord, at the time of descend-
ing thoracic or thoracoabdominal repairs is fraught
with the risk of not adequately reestablishing the spinal
cord blood supply. Of relevance, ligation of only the
ARM before it joins the anterior spinal artery both in
nonhuman primate studies and in porcine studies
results in a high paraplegia rate (50%-100% and
71.4%, respectively).1
The anatomy of the ARM and thoracic radicular
arteries and their junction with the anterior spinal
artery are critical to understanding blood flow patterns
during repairs on the descending and thoracic or thora-
coabdominal aorta, particularly when using distal aor-
tic perfusion. In the course of performing an impressive
number of spinal cord dissections (>100 performed), it
is unfortunate that Koshino and colleagues4 did a pos-
terior laminectomy rather than an anterior removal of
the vertebral bodies. Had they used the latter method,
they might have further confirmed our findings in 8
human spinal dissections and some 60 in the chacma
baboon. Our dissections invariably showed that the
ARM joins the anterior spinal artery at an acute angle
and then takes a well-described hairpin bend to join the
more caudally directed anterior spinal artery. The ante-
rior spinal artery is characteristically diminutive above
this junction (0.231 mm in our study) in human beings
and considerably larger below the junction (0.941 mm
in our study, P = .0057).1,3,5 The importance of this
finding is that during an aortic repair, perfusion of seg-
mental arteries supplying the ARM results in perfusion
of the caudal spinal cord below the junction of the
ARM. On the basis of our calculations by Poiseuille’s
equation, resistance was 278 times greater up the ante-
rior spinal artery. This pattern of anatomy and blood
flow was confirmed by our radioactive microsphere
blood flow studies in nonhuman primates.5 Similarly,
only reattachment of the ARM and more caudal seg-
mental lumbar arteries should protect the lumbar spinal
cord, but may leave the lower thoracic spinal cord in
jeopardy. In contrast to the ARM, thoracic radicular
arteries join the anterior spinal artery end to side and
perfuse the spinal cord both cranially and caudally.
Thus distal aortic perfusion and also reattachment of
these arteries ensure better protection of the thoracic
spinal cord, particularly when a large lower thoracic
spinal cord radicular artery is present, as is often the
case and as Koshino and colleagues have also
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noted.1,3,4 (It should be noted that they defined the
ARM by size and not by the characteristic junction
with the anterior spinal artery; hence duplicate
“Adamkiewicz arteries” were recorded.) It is important
to understand, however, that because of the longitudi-
nal nature of the anterior spinal artery and the postero-
lateral spinal arteries, collateral supply to the spinal
cord from distant sources, for example, the cervical
radicular arteries or vertebral arteries, may often be
sufficient to maintain spinal cord viability in the tho-
racic segment, even if all the thoracic radicular arteries
are occluded or oversewn.
How then should segmental arteries be managed dur-
ing operative repairs of the descending or thoracoab-
dominal aorta with our current level of knowledge? For
repairs of the proximal and mid-descending aorta,
reimplantation of segmental arteries does not, in my
opinion, appear to be critical, as has also been dis-
cussed by Griepp and colleagues.6 We have evaluated
and mapped the spinal cord blood supply with hydro-
gen and found that only about 1 in 4 patients with
aneurysms had vessels from this segment supplying the
spinal cord. Furthermore, insertion of stents that
occlude intercostal arteries in this segment can be safe-
ly placed. However, for repairs of the distal descending
aorta,1,4 particularly beyond T8,9 the risk of spinal cord
injury is statistically increased by graft replacement
without reimplantation of segmental arteries or by stent
graft placement.1,6-9 Nevertheless, most patients may
have no harmful effect.1,6-9 By contrast, however, I
believe reimplantation of segmental arteries is vital for
Crawford type I and type II thoracoabdominal
aneurysms. In such operations, a large number of seg-
mental arteries arise from the aorta to be repaired, and
there have been careful studies to evaluate the influence
of patency of segmental arteries and whether they were
reattached or not as to the risk of neurologic injury.8-12
These reports have clearly shown a significantly high-
er risk of spinal cord injury with failure to reattach
patent segmental arteries.8-12 In our study,10 this was
particularly so for failing to reattach patent segmental
arteries in the T10-L1 segment. With these more exten-
sive repairs, Griepp and colleagues6 also found that the
larger the number of segmental arteries that were sacri-
ficed, the greater the risk of spinal cord injury.
On the basis of our studies and our understanding of
the spinal cord vascular anatomy, we have in the past
(since 1986) recommended a general rule of thumb that
all intercostal lumbar arteries including T7 down to L1
should be reattached.1-3,7,10 This general approach has
the advantage of most likely perfusing both the ARM
(and the lumbar spinal cord) and the lower thoracic
radicular arteries (and the lower thoracic spinal cord).
Koshino and colleagues have used this approach with
some success. In my view, the problems with the T7-L1
operative strategy are as follows: (1) Reattaching all
these arteries from T7 to L1 prolongs the crossclamp-
ing time, and the latter has been the best predictor of
spinal cord injury; (2) some of the arteries that are reat-
tached may not need to be reattached, although they
may contribute to collateral blood flow. Obviously, an
accurate and reliable technique for identifying those
arteries that need to be reattached should be the goal.
Thus far, various experimental methods have been
described, such as preoperative spinal cord angiogra-
phy, intraoperative somatosensory evoked potential
monitoring, and the techniques we have used of spinal
cord motor-evoked potential monitoring and hydrogen
or oxygen mapping.1 The main drawback of these tech-
niques, so far, is that they are complicated and, hence,
time consuming. If any one of these methods can be
refined to the degree that they are simple to apply, reli-
ably accurate, and sensitive, then one or more will
become clinically applicable. Our early experience
with hydrogen mapping suggested that the aortic cross-
clamp time may be shortened in some patients with this
method.7 In the meantime, reattaching all intercostal
arteries from T7 to L1 and adjunctive protective meth-
ods (distal perfusion, hypothermia, intrathecal papaver-
ine, cerebrospinal fluid drainage, mild postoperative
hypertension) have resulted in a lower risk of paraple-
gia; thus only 2.9% of our recent 74 patients undergo-
ing descending or thoracoabdominal repairs were
unable to walk after the operation. Others8,11,12 have
adopted this rule of thumb, including Coselli and col-
leagues, who recently reported their experience with
1220 thoracoabdominal repairs at the January 1999
meeting of The Society of Thoracic Surgery, with an
overall incidence of spinal cord injury of 4.6%.
Lars Svensson, MD, PhD
Burlington, Mass
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